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THE INFLUEROE OF NOTCHES UNDER STATIC STRESS*

By K. Matthaes
SUMMARY

The present report 1s a compllation of the experimen=—
tﬁl data obtained by Heinkel, the DVL, Focke-Wulf (J.
Muller), and the Institute for Metallurgy of the Dregden
T.He, in thelr studies of the influence of notches under
statlic stress. .

From the described experiments 1t le seen that notches
are a potentlial source of strength decrease even under
statlc stress, which tho designer must take into conglder-
ation.

Sectlon I i1s a general treatment of notch influence
under the varlous types of stresses. It is proved that
under tenslle stress, steel of round or solld sectlon al~
ways discloses an increase in strength, especlally if the
influence of the notech is confined to the outer zone of
the plece, In the latter caso, light alloys incur no loss
of strength elther. If the influence of the notch extends
to near the centor as, for example, with a transverse hole
through a bar, stecl evinces a vory minor strongth incroase,
but on light alloys it is mlroady quite oconsideradle. In
the express notch sensitivity range at low temperatures,
one must count with a congidersble strength decrease due
to notches even for stesl.

Under flexural strese, notches effect an average
strength decrease of 30 percent in any metal. Steel man-
ifests a further severo drop in tho notch brittlenesa
range, that 1a, at low temperatures.

Hotech effect and insufficient toughness of tho mateo-~
rial may become particularly sorious if a sectlion under

*uDie Korbwirkung bel statischer Beanspruchung." Iuft-
fahrtforschung, vol., 15, nos. 1 and 2, Janumary 20,
1938' PDe. 28-400
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tenslon develops additlonal bending stresses due to an ere~
ror as, for example, in fit or tolerance. This case is
1llustrgted by an example on a bolted Joint, where a slant-
surface of the nut lowered the strength of
c;x;:?‘ e bolt to a fifth.

Undor twlsting and compressive stress notches produce
no strength decrease.

Section II treatec the influence of notches in thin
shoot as is used in airplane construction. It was found
that wlth a hole dlameter of around 12 perceant of the
strip width, a single coentrally loaded hole already low-
ers the strength of light-metal strlip by approximately 10
percont. The effect i1s loss as the strlp is narrower in
relation to the hole. For equal ratio of hole diameter—
strip width the strength decrease rises with the hole di-
ameter. For very small holes the strength decrease 1is
disappearingly small. Steel manifests no such drop in
strength. ’

If the stfess 1s oxcontriec, as wilth staggored rows of
holes, for examplo, both the steels and the light-alloy
motals undorgo a markod strongth decrease.

Simple rivet-jJoint tests proved the strength decrease
in the range below crushling falluro to bo about as great
as on gpocimeng wilth simple holes.

Lostly, the strength of riveted Joints in plate sec~-
tions 1s investigated nnd compared with the strength of
lap Joints of equal rivot piteh and of correspondingly
drilled strip. The oxperiments indicate that tho force
application in tho back of tho section or in the center
of a plate Joint is particularly unfavorable and that tho
tronamisslble stroength bocormepg substantially greator 1f the
forco 1s applied near to the outer edge of the plate or in
the sido walls of the soctlon,

I. INTRODUGTION
Effect of Notch Under Different Typos of Stresses
On stressing a notched bar below itz elastic limit,

it is found that substantially higher stresses and stralns
occur In the offective range of thoe notch than in the un-
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affected part of the bar (fig. 1). Since the maximum
stroos 1s deciplve for .the-load capaclty, we consequontly.
find through notches 1n all those cascs a marked decreaso
.in strongth in which failure 1s possible, withln tho olas=
tlc stross rango - thot 1s, chliofly under faotlgue strossos,
clthough it may oqually occur under statlc strossos 1f the
materiecl 1s drittlo. -

Invostigatlons into tho effoct of stross lncreases
upon the stoatic strongth of iron, date back many yoars.
Experiments by EKirkaldl in 1862, on drilled and notched
test bers digeclosed an increase 1ln strength rather than o
decrense. The well-~known explanation for thls phenomenon,
found in the classle work of Ce. Bach, oentitled "Die Mans-
chlnenelemonte,™ 1911, is that, obstructing or partially
restralning the transverse contractlon of the dar reduces
the clongntlion, and consequently, also lmncroases the
strength 1n materianls which in tho caee of fallure under-
g0 o substnntinl transvorse contraction.

Based upon thls and similar experimonts, the effect
of notches on the et atic strongth was thon considered
negligible for a long time.

But upon closor analysls of those conditions, espe-
clelly on nonferrous metals, it 1s found tkat the strength-
increasling effect, due to restrained transverse contrac—
tion, does not always outwelgh the effect of the stress
increcse, but rather that it depends altogether upon the
kind of notch and on the material as to whether an in-
crease or o decreanse of strength takes place.

l, Notch Effect Under Tensile Stress

o) Biffect of dopth of notch in gteel.~ Grooves

(turncd) on round stoel specimens neoarly always rosult in
incronsed strength; 1t increases with tho depth of the
notch (figs. 2 and 3) (reforence 1). It will bo notod.
that tho strongth increase is anlmost proportional to tho
dopth of tho notech.

) Influonco of noteh -form and material:- Holos
drilled through round steel bars also generally increass
the strength. The result of a single test 1s 1lllustrated
In filgure 4. The strength of the specimen without hole
is 58.3 kg/mm?; and 61,0 kg/mm®, with hole, The remarka-
ble fact 1a the simultaneously occurring complete change
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in the aspect of the break, which is equally found on the
‘round bars with the grooved notches (figs. 3 and 4).

While the specimens without notches show a deep constric-
tion and fibrous break, those with holes or deeply grooved
notches manifest an almost pure granular dreak and very
littlo constriction.

In order to afford a basis of comparigon of the ef=-
feet of notch form in different materials, table I, giving
the results of various tests, has boon compiled., Accord-
ing to theseo tosts, the round bars with V-groove notches
produced wlithout oxception a congsiderabloc strength in-
croanso. Tho gtrength of the notched dbar of 0.64 carbon
stoel was 15 percent, of the soft ingot steel 63 percent,
greater than that of the plain bar; for AZH elektron, the
. 1ncrease 1s 9 vercent, for DM 31 duralumin 20 percent,
and for pure aluminum (soft), even 77 percent. The square-
sectlon groove elso was accompanled Dy an increase in
strength. But 1t 18 much less in the aluminum base alloys
than that for the V-notech.

On the bars with transverse hole the condltlions are
altogether different. Here the light alloys, with the ex~
ceptlon of pure Al, disclose a considerable drop 1in
strength. Even on the unusually tough, soft, pure alumlnum
the strength increase 1s a mere 3 percent. On steel the
strength increase is also falrly small compared to the an-
nular notches.

c) Bffect of temperpture in gteel.- Steel manifests o

recesslon In strength as a result of notches only in the
stage of the very brittle break; that 1la, chiefly at low
temperaturesn. ﬁigura 5 1llustrates the results of two test
gerlos by He Flossnor (reference 2) on round tenpile test
spocimens with V and square notches. The material, SH
stool, contalning 64 percont C, had a tenslile strength
(smooth bor) of 86 kg/mm2 at room temperature. It is.seen
that the notch tensile strength at highor temporaturos 1s
practically the samo in all cases at around.l05 to 108 kg/
mm®, At temperatureos below roon tomperature the bar with
¥V notch discloses first a marked strength decrease; at
~70° C. the tensile strength has dropped to 64 kg/mm® |

On the milder-acting square notch the strength did not
drop until at lower temperature. At ~70° C.. the notch
tenpile strength still anounts to 93 kg/mn2. However,
this drop in tensile strongth at that temperature does not
inply that the cleavage resistance drops with the tomper-
aturo (ox;orimonts with plain bars prove just the oppo-
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site) but that, through the stross incrcase in the notch,
tho actually highar. claavage reglstance 1s prematurely ex-
ceeded. ZXqualization of stresses through local strains

is elthor absent or very imperfect.

] lHotnls with a tendency to eold brittleness = that 1s,
all unalloyed, or lightly alloyed, steels, alloys of zinec,
and alloys of magnesium ~ muat therefore be approached
with tho possibllity.of strength decrease due to notches
in mind, if the particular structural part is to be safe
ngalngt fallure at low temperatures.

2, Effoet of Notch Under Bending Stress

In bonding the condltions arc substantially differont
thon in tenslon. Here the noteh undor statlic stress, oven
for astecl, always roesults in o decrease of strength. This
ia probably due to tho fact that in the bonding test the
strongth 1ls not govorned by the congtriction as in tho ton-
fllo tost. TFor this reason, tho rostrained constriction
1tsolf connot have tho strength-incressing effect to that
oxtont, ocnd the influence of the stress increaso becomos
moro prominent. It 1s the roason why, in the bending test,
all brittloness offects aro more prominently displayed
than In the tensile test (notch impact testl).

a) Effoct of poteh dopth.— Figuro 6 iliustrates the
notch-dcpth offoet on tho floxural strongth in & percont C
stoel, 47 porcent C stecl (reference 1), and an aged elum-
inun-base alloy with 4.28 percent Ou and 99 percent Si
(roeforenco 3). The ratio: "notch-bonding strength/flexural
strongth of tho non-notched bar" is plotted against tho ra-
tios "notech depth/helght of bar.® The greatest docrease
in strength occurs with a notch depth of about 10 to 20
porcont of the bar height, and steel does not show up any
bettor than the light alloye. | )

b) Effoct of notch form and material.~ The notch-form
offoct in DU 31 duralumin and AZM elekitron was ascortained
from sevoral other tests; tho rosults are shown in teble II.
Here the hole offects a smaller decrease in strength than
the  notch. .- This accordingly corresponds to tho smallor
setress lncrcasec at the holo.

c) Dinonsions of parte subloct to bending stresa.— Tho
markod docrease in flexural:strength caused by notches eoven
under statlc strosscs, makos allowance for notch effect im-
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perative when establishing the ‘dimensions of structural
partg subject to flexural stress. The proper way 1s to
procood on the basis of the notch~bending strength estabd-
lishod on o flexural bar of rectangular soction having a
dopth of noteh equal to 20 percent of the dar helight %fig.
6, toble II). '

-d) Bffoct of tompernture ard rate of strain in gteel.~
The ctrong influence of the brittleness in bending stressg
couses in steel g further important decrease of notch-
bendlng strength in the stage of notch brittleness; to bde
sure, only the stage where the energy absorptlon has al-
rendy largely decllned and the whole surface of the frac-—
ture lndlicates separation fallure.

Figure 7?7 portrays the results of notch-bending and
notch-impnct tests with annegled tool steel of 9 percent
C, the bending strength being plotted against temperature
for different rates of bending (reference 1). On the
slowly bont specimens the strength decreases conslderably
below cbout +50° C. temperature, while for the impact
spocimens 1t mlready decreases when the temperature falls
below +230° C, But 1n every case the flexural strength
drops by about 30 percent if thils temperature is around
100° C, less. The flexural strength of the plain specimen
is substantlally higher wlth 135 kg/mma at room tempera-
ture, and discloses no decrease even at temperatures as
low as —50° C.

The results of similar tests made with 5-percent C
steel (reference 1) are shown in. figure 8. At slow rate
of bending, about 1 mm/min., the notch~bending strength
gradgally increases with decreasing temperature from
+200° G to =50° C. At high rate of bending (= rate of im-
pact, eporoximately 200,000 mm/min.) the flexural strength
increases with temperature dropping from +230° C.to +80 :
but from then on 1t decreases sharply with decreasling tem-
perature. At +18° C. i1t 1s already less than on the slow-
ly bent bar. The experiments indicate that still another
slzniflconce attaches to the brittleness than 1s usually
conceded, in the evaluatior of notch-impact tests only
for enorgy absorption. In reality, bending stresses in
the expressed britileness zone are accompanled by gqulte a
substanticl strength decrease, which is especlally effec-
tive ot higher stress rates.
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3. Notch Effect Under Combined Tenslle
and. Bending Stress .. .o
Othor than the simple tonsile and bending stresses -

the case of combilned stress must also be consldered. Many
timos, for example, it happens that in the design and
stress onalysis a tonsile stress 1s assumed while in real=~
ity,'eupplqmentary bending stresses due to assembly errors,
irregularitios of fitting surface, etc., occur which are
not allowed for. In very many cases it 1s utterly impose—
glble to make an exact mathematical allowance for -such
influencos, since the magnitude of the inaccuracioes dew
Ponds on chance alone. With minor notch effoct or suffi-
clontly tough material, no allowance for such supplemen-
tary strosses under static stress is, as a rule, necessary,
sinco tho appearing flow (strain) voids the supplementary.
stressons. But thig so~called "artfulness of the material®
con only be relied upon when the material 1s tough enough.

] One frequently encountered case of that kind is tho
bolted structure under tensile stress, when the arca of
contact of.the bolts or nuts is uneven or not parallel to
each other, or whon, on a tight-fitting bolt, the area of
contoct of the hend or the nut is not exactly perpendicu-
lar to the bolt axis. To ascortaln this effoct on the
strongth of bolted structures, a series of tests were made.
Hopt-~tronteod bolts of alloy steel wlth a tenslle strength
of around 130 kg/mm® wore used as described in figure 9.
Followlng the test in a tensilo-test machine, tensile~test
bars and notch-impact spocimons were taken from all bolts
and tested. It was found thnt tho bolts could be classed
into:

2) thoso with a notch toughness of 2 mkg/cem®
b) those with o notch toughnoss of 4 mkg/cm?
c) those with a roteh toughness of 10 mkg/cm?2

Tho results of tho tests, gilven in figure 10, show
the rotio "bolt strength/tensile strength of material
Plottod agalnst the contact angle of the washer. ZEven o
small angle of contact produces a marked decrease of
strength, particularly on the bolts of steel with low-notch
toughnose. The falling load of the bolt, 40 tons under cen-
tral loading, 1s reducod to 24 tons whon the washor has a
3° glopo, and to 9 tons for a contact aroa equivalent to o
7° slope. With greater notch toughnoss tho conditioms are



8 - ¥.A.C.A. Tochnical Memorandum ¥No. 862

much lmproved., There 1s a "high" in strength for small:
contact angles, followed by an abrupt drop in strongth

and, finally, a "low" in strength at greater contact an-
glog of washors. At small contact angles the bending
stross 1s obvliously almost completely equalizod by the
twvlisting of tho bolt oend in tho throedod part. At groater
contact arnglos the toughnoss of tho matorlial 1s no longor

" adoquato to effoct thls oquallization, as a rosult of which
tho strongth docroases vory sharply as the angle lncregses.
At groat anglos of contact the nut itself rests on one side
only, thus creating in thls zono an additlonal bending mo-
ment which is unaffocted by any further increase in con-
toct angle.

Accordlng to the experimonts, tho toughnoss of the
materlal 1ltself must be allowed for in greater meaosure
with rospoct to tho strongth under static stress, while
for tho hlghly strossod narts in alrplanoc design, tho
problom of fit and tolerances can only be attacked with
duo allowanco for tho effoct on tho strength conditions.

On tho basis of the results of these exporiments, a
simplo  nnd at the same timo rollable method for tho ac~
coptance tostlng of vital bolts, was lnaugurated. It wos
basod oa tho following arguments: Tho designer introducos
tho metoricl strongth in the strose analysls and rofers
this strongth to the minimum soetion -~ that is, tho core
soction of tho throad, or the barking-off. Undor tho in-
flucnco of tho notch offoct, the strongth of tho bolt is
subgtontlelly groater undor contral load, and doeos not
docroaoso until additionnl bonding strosses caused by ob-
liquo contoct aroas, occur. So, up to a cortaln slopo of
conteect orea, and provided tho toughnoss le adequate, the
comptitod bolt strength provails. This must bo proved in
tho accoptanco tost. The bolts aro simply torn botwoon
obllguo contact aroecs, as in tho doscribed tost, whillo tho
bolt shank 1toolf 1s gulded eylindrically. Since fallurocs
can occur ot tho bolt head also, an obllique contact arca
is providod as for tho nut. Tho contact anglo 1s 4°. At
thig onglo, bolts of tomporod stcel still have a falling
stross oqual tn tho strongth of tho matorial providod tho
toughnoss is adoqunto, If, in tho accoptanco tost, the
stlpulatod flguro is not recachod, notch-impact samples aro
takon ond tho cnuso of tho inforior bolt strength ascor=
tnincd.
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4, Rotech Effoct Under Statlic Twlating Stross
- Since 1ﬁ'éﬁédr1hg and “twvidting strossos, oven with
stross roveranls, tho notck offcet lg substantlally loss
thon 1n normal stross, tho offect of notchos will bo rele-
tivoly snzcll, oveon undor static shearing and twisting
strosas. ’

Vo mando no notch~effoct tosts under statlic twlsting
stross sinco this subJect hns boon adoquatoly coverod in
tho stotlc and impact tosts of E. Stille (roferenco 4),
and Ee Figcher (refoerenco 5), whose findings, so for as
thoy portaln to the offect of notches on the ptatle
strongth, aro appondod in tablo III. The tosts dlscloso
2 4- to 7-porcont strength incroaso through the annular
notchos. Tho barsg witi collar manlfestod practically no
influonco on the estrcngth, Transvorse holes nnd. longltu-
dinpol zroovos lowerod the ultimato twistlng moment. 3But,
taking tho-cross-soctional roduction into consldoration,
thero 1ls herdly a roduction -~ dbut rather a slight rise -
in tho oxlisting nominnl ctressess Tho impact-twilsting
tosts disclosod tho ultinanto twisting momont to be only
very llttlo affoectod by tho rote of strain, averaging for
impact stresa, about 6 porcoat highor than for static
strecas.

5. Totch Effoct in Comprossivo Stross

o roductlion of strength duc to notches is oxpoctod
under conprosslon, becausc tho soctlon in the notech baso
13 supportod by tho groater soctlions ovor it. 4side from
thot, substantially lcass significanco attachos to tho
notch effect in compression, for the reason that the conm-
Precsive strength of metal matericls can - excepting
cngt iron -« ns a rule, not be utilized, because 1t lles
subctontlally above the tengile strength, and the stroins
induce folluro long before fallure in compresslon tokes
Ple.ce.

Individunl compressive tests were foregone and re-
course hnd to Sach's experiments (reforonce 6) on cylin-
drical spmples of cast iron with anaular notch of verying
depth in tho center., The results of thoso tests are shown
in flgures 11l and 12. The obteinod falling stross rlgos
In proportion to tho ratio of "outsido dismoter to diamo-
tor ot notch bmso'; i,0., on mntorinls as drittle as cost
iron, tho notch offocts o substantlipl strongth lncrease.
The notch effect hore is more propserly looked upon as sup-
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porting actlon of the specimen center due to the tavered
notch flenks; that 1s, an addlitional effect. (The condis
tions would probadbly be less propltlious 1f the notch sloped
at 45° %o the axis, or in axial direction.

II. THE NOTCH EFFECT OF HOLES IN THIN SHEET

Whereas the first part of thls article was confined
to the effocts of notches under varlous types of stresses,
in general, the following treats the notch effects on thiln
sheet, corresponding to the speclal condltlons encountered
in airnlene deslgn, where the holes constitute the most
general type of notch form. (Theee exporiments were pronpt-
cd by tho work of J. Muller-Bremen, His findings, not pub=
lighod pge far, were graclously put at our dlsposal. Only
o portion of his extensive experiments 1s quoted.) The
stucdles thcrefore treat primarily the effects of holeg of
difforont sizes and locations (centric and excentric). as
wvell as of rowe of holos and rivoted Joints 1n light metal
end hizh-tonaglle steecl. The fundamental investlgations
woro largely made on specimons of AZM eoloktron.

l. Effcet of Single Central Holo

o) Iaf luonce of soctlonal woakoning through ono hole
in AZI olokiron.- Mullor's tonslle-~tost experiments on
AZN cloktron strip with 3 mm diemetor holes, disclosed a
decrcase in strength varying in amourt with the width of
tno strin. Thc groatest docrease occurred on the strip
with wldth b cqual to eight timos the dlameter d of the
holo (&b = 12,5 porcont). Tho strongth then amounted to
only 83 pcrcont of a standard 10 mm wido temnsile test bor,
For aprrower strip, tho strongth decreoaso is less.

To nscortein the offecet of tho hole dlameter and of
tho striv width in thoir combined influence on the strength
decrecaso, o largo number of tosts worec meode on speclmen
bars of &ifferent width rnd dlfforont size holes. The ma-
terlal consistod of AZM oloktron shoot of 1 mm thickness.

Itos strength factors were 05,5 = 1949 kg/mm?, oy = 31.2

kg/omm®, 8 = 17 poreont. The microstructure, as shown in
figure 13, dlsclosos zono-llko, arranged marked differ-
onces In gsraln size. The spocimens wero so taken as to ox-
cludo os fer as possiblo any influonce on tho result due to




H.AsO0.,A. Technicsl Momorandum No., 862 11

" the strongth scattering in the csheet. The obtalned valw
uen- (avorages from three-to-five samples) are glven in .
tablo IV, while figuro 14 shows the strength of the per-
forated bars plottod against the har wldth and the hole
dlanotor. It readlly rovoals the strength decrease with
incroasing spocimen width and tho effoct of the hole dlpm-
etor. The 'varlous influcncos are indlvidually omphasized
in figures 16 and 16, which show the strength of the apeo-
imons against the ratlo:- "hole dlameter/strip width"
(d:b). The curves in figure 16, reforring to bars of dif-
-foront vidth and equal hole dlameter, stress the lnflu-
enco of ‘tho strip width. With decroesslng ratio dtb, the
strorgth docroases ealmogt linearly. Comparing the dif-
forent curvos, the strongth docroase is sooen to bocome w0
much groater as tho hole dlametor is ingroased. Tho
curves in flgurec 16 rofor to bars of tho samo wldth.and
show tho influenco of tho hole dlamoter. 4s tho ratlo

d:bd 1incroasos, tho strongth of the holed tonsilo test

bar drong vory ranldly to a lowor limit value and then in-
croasoe onnaln gradually as tho ratio dtb increases.

Thls grodual rlse rests on tho same phonomonon as that of
the curves 1n figure 15, .

The romaindor of the section adjoining the holo must
bo lookod upon ns a tonsion bar with so much greator lo-
cal tapor as tho holo i1is smanllor. With large holos tho
tension bors formod on the sidos nre comparatively small
and boundod on ono side by o holo of roletlvely largo
rndiug - honeo, sudbjoect to little notch effoct. Tho fact
that with gmrll holos tho influenco on tho strongth di-
minlighes ‘agaln and almost diganpoars for very tiny holes,
is readlly undcrstood whon procooding from the premisge
that ovory matorial has rinor dofocts which, simllar to
o tiny holo, loocally act ns notchos. A notch offect of
tho sane ordor of magnitudo as such defoctivo spots can
thoroforo haveo no influorco on the strongth. KRaturally
this influonco of tho rotioc d:b prevenils only when the
holo dinnoter docroamsos with tho ratio d:b end not, if,
as ln flguro 15, theo decroasec in dtb is attridbutable to
an lnoroasing strip width ©b. In that caso, as 18 soon
in flguro 15, thoro is no socond rige in strongth oven
for vory small wvaluos of 4d:b.

Flguro 17 illustratos tho influonco of tho hole dian-
otor on tho tonsilo strongth for constant ratio 4dtdb =6,
10, 20, =nd 40 porcont. For constant dtbd the strength
docrecsos with incroasing holo diameter throughoyt tho on-
tiro range. Tho same reocults wero obtained by Muller in
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his exvoriments with a 1 mm AZM elektron sheet, which dlg-
closed even greater notch sensitivity (fig. 18).

TABLE IV

Influonco of Hole on Tensgile Strength of AZM Elektron
of Various Widths
Material, 1 mm sheot: 0g,a= 19.9 kg/mm®, o = 31.2 kg/mm2,

810 = 17 percent. Average from 2 to 6 samples -

Specimen | Stross with a hole dlameter of ... mm in kg/mm®
width
o 0. |0.625| 1,25 | 2.5| & 5 10 20
6.25 | 31,5 | 29.7 | 29.7 |20.9| 81.8| — | -- --
745 _ 30,9
10 29,6 -
12,5 31,1} 29,3 | 28,2 |28.9| -- |29.7 | -- -
15 28,5
20 28.4 :
25 30.2 | 28,7 —— | 27.2] 27,4 | 27.7 | 28,6 | -~
30 _ | 27.5
37.5 26.9
50 29.9 | 28.5 | 26.4 | 26,1 | 26.6 | 26.5 | -~ |26.8
b)Influence of gectional weakening and materisl.- The

offect of holes was further explored on other materlals
(teblo V). The specimens were 10 nm wide strips of 1 nm
shoet with a 0.9 mm dlameter hole in the centor. On theo
steel spoclmens tho holc incrcased the strongth dy 4 to 7
pcrecont, whiloe lQworing 1t on brass, duralunin, hydronesliun,
and oloktron. Mullor's oxporimente werc mnado on strip of
various widths and a 3 nn hole in the centor. Figure 19
shows tho strongth ratio against d:b. Whilo AZM oloktron
disclosos o stroength decroaso in the range of dib = 0 to
46 porcont, this rango oxtonds to d:b = 36 percont for
duralunin, and to dtb = 24 and 22 porcont for hydronaliun.
Rathor than o decroasc, thero is a distinct increaso in
strongth for tho stools, abovo dib = 10 porcent,

(Soo tabdles I, II, III, .nnd VII, at ond of roport.)
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TABLE v
Strongth Docroase Due to Singlo Contric Holos in Spoc-
inons of Varylng Materials )
Spocinone bar, 10 mn wide of 1 mm sheoet, 0.9 mn transvorse
hole in contor; 10 nn wide tensile test bars ineluded for
conparison

Mntorial B 810 °BL %31/ OB

- kg/ni® [ percent | kg/mn® {percont
Mn steel Aoro 50 6043 23 62.9 104
Cr-N1 gtcel VON 35 ' 112.4 6 1l16.8 104
Strninless COr steel, hardcnod|180,.2 1l 192,2 107
Mg 63 bross 34.9 56 33.3 96
Hy 9 hh hydroaaliun 40,4 17 38,7 96
681 B duralunin 44,7 - 41.9 94
DM 31 durslunin 50.3 12 47,8 95
A¥ 603 oloktron 23.7 6 23,5 99
AZX oloktron 30.6 - 27.3 89

In order to dotormino the influence of 4dtb ratlio on
the plated duralumin (aircraft matorial 3116) now commonly
used 1n alrplane design, some further expcriments were
made. Tho test specimens were 1 mm gago duralplat sheot 1n
original condition and in hoat-treated condition, One so-
rios of tosts cach was devotod to the speclnons of varying
wldths fitted with S nm diamotor transverso holo in tho
contor. Tho results aro given in flgure 20. A4gain, thore
is o foirly uniform drop in strength as the ratio did
decroasess Tho loss of strength due to the perforatlion in
tho hoat-treated shoot oxceode that of the sheot 1n origi-
nal condition., Another serios of tcsts was made on spocle
nens with difforont holc dienetérs, but with the same ra-
tio d:b, nenely, 12,5 porcont, or spocinon width equal
to eight times holo dianoter. Tho rosults aro shown in
flguro 21, where tho tonsilo strongth of tho porforated
bar 1n rolatlion to the tonsllo strongth of a stendard ton-
slle test spocimen 12 mn wide, 1s plottod against the hole
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dionoter. The influence of the hole dliameter for holes of
less than 3 nm dlameter on the reduction of strength, is
strongly notlceahle., With larger dlameters the strength
does not vary. The reduction in strength then amounts to
8 percent for sheet in original condition and 12 percent
after heat treatment.

. ¢c) Scotter of notch factor' on the game material.~ In
the applicetion of theme notch factors, 1t naturally 1s
vory lmportant whether or not approximately the same notch
factor can be counted upon for one and the same material
and notch form, or whether considerable scattering of the
notch factor occurs on the same materlal. It 1s a ques-
tlon of deciding whether the notch figurc is a qualilty
characteristlc of the type of matorial or whether thils
quellty, as a kind of "brittleness," primarlily hingos upon
the preireatment received by the materianl and consequently
becones utterly different, .depending upon fabrlieatlon and
dellvery. ZFor these reasons, a nunber of 1 nn gage shects
of 681 ZB duralumin (fron different deliveries) were in-
vostligated. The specimens fron each shedt conslisted of
two 10 nn wldth strips and two spocimens each without holes
for comparison. Tho frequency curve (fig. 22) represonts
the test dato from 50 shoots. The tenslle strength of the
shocts was: op = 41.0 to 46.1; of the speclimens with

holes, Opp = 39.1 to 43.8 kg/mn®; the ratio, opp/op =

91 to 98, or 94.4 porcont on tho average. The scattor

of tho strongth volues reospoctively, amounted to %5.8 and
5.7 porcont, agoinst *3,7 percont for Opy/og. This indi-

cates that the notch figure is a material property little
affected by pretreatment, a2t least, as far as aluninunm al-
loys ore concerned. Allowance for notch sensitivity in
the design 1s hereby rendered decldedly easier. Other
tests on cluminunm 681B, 68l ZB 1/3 alloys plated and DH 31
¥yielded the panme notch filgure.

2. Influence of Seversl Holes and Edge Notches
in AZM Elektron

Concerning the influence of o row of successive hgles
(as in o single-~row rivet seam), the test data of J. Huller
are avalleble. Hlg teste were mado on 1 nm gage AZM elek-
tron shoot specimens of different widths and 3 mm dlaneter
holeg. The results aro shown in figure 25. Here d de-~
notes tho sun of tho throo holec dianotors. It will bo noted
that tho roduction in strongth for d:B = 12 percont, 1is
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.equally os great as for the single hole, but that at higher
values of dib,. tho strongth decroase abates much guickor,
and aot. still higher values a marked strongih increase (9
percent -for d:b = BQ porecent) occurs. Muller also in-
vestigated tho influenco of two half-round notches of 1.5
mm radius, drilled in opposlto edgos of the specimons on’
tho strongth. Hig obtained curve included in figure 23,
attosts to o smaller reduction in strength and to a strong-~
er lncrense ln strength at higher voluocs of d4:b, This
obvlously rolates to tho fact that on fallure of a flat
bar, the break.always starts at the centor. As a rosult

of thls, tho presonce of a hole in the center muet havo

the grectost strongth-reducing influence.

3. Bffect of Excentric Holes

With unsymmetrical holes, such as excentric holes in
strip, for example, the condltions become sudstantially
more unfavorable. The tenslle stress 1s then acconmpanled
by an addltlional bendlng stress which can only be canceled
by conslcerable plastic strain. Hotch effects of this
kind appear, for instance, on multi-row riveted Joints,
and the thereby induced local bending stresses are usually
lgnored mathematically. The effects of such notches werse
observed at the DVL during the investligation of a flying
boat whlch after an accldent had been lying for some tine
under water (reference 7) 'and as a result the wing spars
had becomne consldorably corroded, in part lnteorerystallized.
Tho plaln test specimens taken from tho spar flange showod
a tonsllo strength of . 36 kg/uma. whilo spocimens takon at
Places whoere the flangeo had boen weakoned through stag=
gored rows of rivet holos, and thorefore contalned thoso
sorles of holes in longitudinal dlrection, dlsclosed o
tenslle strongth of 27 kg/mm2 only. Prompted by theae
findings, the brittleness tosting was carried out with the
specinen form 1llustrated in figure 24.

a.)__ni.lnme_qf_ems.n_tuﬂu-- A comparative tabula-
tion of the strength of specimens with central holes and
of spocimons with oxcentrlec holes, 1s contained 1n table
VI. It.is seon that all materials with excentric holes
undergo a markod roduction in strength. On stool 1t
anounts to 51 porcent, againgt an increase of 7 percont
for the contric hole. For durelumin and AZM eloktron,
the roductlion is also considorabdlo.
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TABLE VI

Strength of Specimensg with Excentric Rows of Holes and
‘0of Specimens with Single Centric Holes
Specimen form: tensile test bar of 1 mm gage sheet; stand-
ard tenslle test bar 10 mm wlde; perforated tenslle test
bar 10 mn wide with central hole of 0,9 mm diameter; bar
with excentric rows of holes 1s shown 1n figure 24.

Stainlega| Heat-
Cr steel]treated AZY

air- 681 B elektron

hardened|duralumin

Laterial

Normpl tensile

test spocimon|op kg/mm2 180.2 |43.3 40.7| 28.9
Tenslle test |ogy kg/mm8 192.2 {41.3 24.4

spoeclmen

with hole opr/5  # 107 95 84
Specimon with [opy kg/mm® 92,1 30.2| 19.3

excentric cx .

rows of holos GBLGI/UB % bl 74 67

) Influence of strength and age-hardening in gteel.-

It was desirable to ascertain the amount of strength de=
creaso ln stools of different tensile strength. The tests
worc made on specinensg from 0.5 and 1 nn gage sheet steol
with fron 53 to 192 kg/mn® tonsile strength.

Tho gtrength of tho perforated specinmen 1s plotted
against that of the plain specimen for different steels in
figure 25. Up to a tensile strength of around 100 kg/mn?
tho strength of tho perforated specimen is falrly consisgte
ently 80 (to 90) percent of the strength of the plain spooc-
inon. At higheor walues the oxcontric holes cause a sone-
what grocter strength reduction, BRalsing the strongth vol-
ues cbovo 150 kg/nna through heat-troating, brings out the
brittlonoss in considerable sgcattoring of tho wvaluos.

The conditions becone plaliner 1f tho analysls is con-
fined to one natoriel that has been hardened and annealed
to sult tho different strength values.

In figure 26 the strongth of the plain specimen (ogy)
and of tho perforated spocimen (GBLG) is plotted against
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tho annealing temporature for stalnless Or steocl. When
theso tomperatures oxtéed 250° C., the two curves are .alw
most parallel; but at low annenling tempoeratures, the
strength of the perforated specinen shows a ‘steep drop,
whilo that of the plaln specimen stlll increames. The
high brittlemeas of the unennocaled speclmens makes itself
felt hore by the fact that the narrow strips between hole
and odgo on one specimen doveloped premature cracks and
then only did the spocimen absorb the maximum load.

Figure 27 shows the ratio 03L0/63 againgt the tenw-

slle strength of the plali specimen for Cr-N1 W gteol.:

The snecimons are alir-hardened at 840° and tempered at

100, 250, 350, 500, and 630° 0. (The specimens with 182
strength wore not tempered.) The ratio °BL9/UB decreasos

falrly unlformly with incroasing strongth. For the mild
trentnont to 95 kg/mn® tho convorsion factor is 85 por-—

cont, in contrast with only 73 percent for the hardened

speclmon of 182 strength.

e) Influonee of corrogion.- It was also desiradle to
ascortoln whether the corroslon effoct .increased the brit-
tlenoss and whether this becomos noticeable on speclmens
with oxcentrlic rows of holes. The corroslon tests were
made in the salt-spray tester of the DVL. TFlgures 28 to
31 sihow theo tenslle strength and the notch tenslle strongth
against the corrosion period. Flguro 32 glves the values
for Cr-§1 steel speclmens of diffeoront gago sheet. The
. plotting agoinst the ratio: "corrosion poriod/gage of
sheot" affords a botter comparison. It 1s socen that the
nanncr of gtrength decreasc on the standard test speclmen
and on tho porforatod specimen is the samo. The corro-
sion oeffect 1s not much greater, as a rule, on the perfo-
ranted than on the standard test speclimen. The dliffoerence
1s probably duo to the fact that owing to the rims of the
holes, more unprotocted odges are exposed to corroslon.
(0n all- specimons the corrosion attack had a preference
to stert at the specimen odges.) It is surprising that
even on thc stainlesa Cr steol of figure 30, which had
lost 1ts corrosion gstability through unfavoradble heat
treatnent, none of the rising brittloness, lndlcated by,

- tho porforated test spmecimon, could bo observed (although
this night be expocted wilth intcrcrystalline corrosion).
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III. STRENGTH DECRREASE IN RIVETED CONNECTIONS

AND AT JOINTS

The effect of holes on -the strength 1s of particular
concern with respect to the condltlions at riveted Jjoints.
Since the decrease of streangth in light metals occurs
chiefly when the hole dlametor 1s small relatlve to the
specimen width, thls range will largely govern riveted
Joints as well, Such conditlions are encountered on largor,
load-=transnittlng sections wvhen smaller forces are locally
applied asg, for instance, at Joints of dlagonals, uprlights,
web plates, etc. In many cases tho force introducod in
the rivet 1s then not in the dilrection of the principal
strosg of the structural part itself, hence the influence
of the local force introduction is probably comparatively
smell, But, between the simple hole and the rivet hole,
thore 1s that differoncoe that the rivet hole cannot deform
itself freely at the edge. To ascertain this influence,

e nunber of tests have been nade by J. Muller, in which

the deformation of the holes was prevented by the lnser-
tlon of blind rivets of 3 mm shank dlameter - some wilth
flet heed, some with half-round snaphead. The test speci-
mens themselves, of 1 mm gage AZM elektron, were of differ=-
ent wldths. The results of these experiments are glven 1n
figure 33. The astrength decrease 1s less than on the speow
imens with open holes (without rivets). At higher db

the strongth also incroacos moro rapidly agaln., Tho in-
fluence i1s greatest on the rivets with half-round heads.

2. Effoct in Simple Riveted Joints

At Joints and corners the total force to be absorbed
by the sheet is frequently introduced through the riveting.
This makes the influence exerted by the force-transmitting
rivet a matter of vital importance. This problem was also
treated by J. Muller. His specimens of 1 mm gage AZM elek-
tron consleted of two strips rivetod together lengthwise,
using 1 to 4 rivets per row of 3 mm diameter. Tho ecrite-
rlon of the strength decrease due to the holes 1s the value
at which the erushing pressure at the slde of the hole
does not exceod a cortaln limiting value (p = 41.5 kg/mma)
as othorwlse the fallure occurs as pure crushing pressure
failure, or is at least, seriously affected by the high
crushing stross. Smaller values of dib aro therefore
obtainable only on specimens with several holes. On the
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specimens with 3 and 4 rivets, the ratio d:d could only
be lowered-to-17 and 20 percent .(lower values would necos~
sltate a study of a gtlll greater number of rivets where-
by, howovor, the nonuniform support of the individual
would nore and more -have affected the result). The find-
1ngs are shown 1n figureo 34. The reduction isg about as
much as on the specimens of the same material but with
open holes, or groater than on the specimens with holes
closed by bdlind rivets.

Inasmuch as the tests with load-transmitting rivet
are 1n any cnse less favorable than with the blind rivet,
tho strength docrease ascertalned here will have to be
g€lven caroful consideratlion on every riveted Joint through
single rivots or gevoral lengthwise-arranged rivets, at
lonst.

3. Strength of Centrally and Excentrally
Jolned Sheet Sections

If joints of sheet and strip scctions aro used in
combinptlons, as 1s customary in airplane design, the con-
diklons coro substantially moro involvod, sspeclally so if
the joints themselves are excoentrical. Of the many experw
imonts mado by the EHF, only a few can be described here.
Table VII illustrates sovoral types of attachment of light-
motal C sectlons and tho obtainod strength valuos in com~
Parison to tho strength of the samo kind of Joints but do-
voloped from flat shect. The strongth of spocimens with
simple holos mado from tho same shoet are also includod.
Tho soctions wore so Jointod as to placo tho last rivets
near to the ocdge, and the next time to place the last
rivots toward the center of tho specimon. The samc ex—
poriments woro ropoanted on tho Jjoints of the (profile de-
velopmonte) flat-shoet strips. (The influence oan also
bo studiod in tho test of no sheot strip with a soerlos of
holes corresponding to tho rivot pitch vhen the strip is
sultebly widoned out at the points of markoed strength ro-
duction, so that failuro occurs in the dosired cross secs
tion.) According to table 7, favorable forms of attadc ment
mako it posslible to utilize 90 percent of the tensile
strongth, ngainsgt only 55 porcent 1f tho jolirnt is unfovor=
ablo. Tho introduction of tho forco in-the soction back
of, or in tho contor of tho developod sitrip is singularly
unfavorable, while tho force introduction in the sido
walls of tho sectlon or at the edges of the shoet strip
(dovolopment) is ospeclally propltious.

Ironslatlion by J. Vanier,
Natlional Advisory Committoo
for Aeronnutlcs.
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Fighro 1.-

Flguro 2.-

Figure 3,.-

Flzurc 4.~

Flgure 5.~

FIGURE LEGEWDS

Y

Strosos incfease at odge of hole rendercd wvisl-

blo through brittlo paint. - (Spocimen much
ovorstrossed for bottor visualization.)
Specimen! 1 mm gnge duralumin sheet, 40 nn
wido, 8 mm diamotor holo; pPaintod with a so-

.Jutlon of rosin in acotone and drled for 3

days at 30° 0. Under a 6 kg/mm® stress in
tho perforated section, cracks appeoar at edge
of hole; under 10 kg/mm® stross, cracks ap-
poar in the unweakened sectilon.

Effect.of notch depth on notch strength of

stool speclmen: round, 18 pm digmeter, 45°
Veo notch of from 0.4 to 4 mn depth..
Ingot motal: O, = 30.6/29.4 kg/mm®, o3 =

43.9 kig/nw®, 8, =19 %, V = 61 $%; 0.17 C
steol, O, = 29.6/28.7 kg/mn®, og = 47.7 kg/
nn8, 8, =21 %, V¥ =56 %.

Aspocts of brenks of notched tonslle test spec—

ineng (Of. fig. 2)e Tho doeply notchod bars
disclose separation failure, the ‘others slip-
page fallure.

Effoect of hole in tensile test. ©Specinen: sec-~

tlon of bdar, 2 nn.dlameter hole. Materiaslte
snooth-drawn, round steel 5011, of 15 nm dion-
eter, The spocimons wlthout hole disclose
slippage fallure ond sovore constrictlon;
those with hole, separation falluro and ninor
congtrletion. .

Effect of tonperntyre 6n tonsile stron§th of

notched bars (Flossnor's exporiments
Specinen: 18 mn dlametor round bar; type of
notches: 4 nm square notch, 45° ¥V notch, 4 nn

deop, Material: 0.64 O steel, Oy = 44,2/

43.6 kg/mn8, op = 865.8 kg/mn®, 8, = 16 %,
V.= 31 5. -, -
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Figure 6.- Reduction of bending strength due to notches.
_Material: 0.04 0 steel with o4 = 23.3/22,5
kg/mm®, Op = 37 kg/mm®, o, ="34%, V = 74%;
0.47 C, 0.6 Mn steel, 0Oy = 44.5 kg/mm® op =
69.8 kg/um®, 8 ="19%, V¥ = 44%; Al alloy
with 4,28 Cu and 0,99 Si, heat-treated,
Oo.a = 20.5 kg/mm8, op = 36.9 kg/mmB, 0,0=
19%. V = 26% (bending strength and notch
bending strength referred to section modulus

a
V= bgh—). Allowance for change in bendlng
moment with deep deflection of bdar.

Figure 7.~ Effect of temperature and rate of straln on the
notch bending strength of 0,9 C steel.
Material: 0.9 tool steel, annealed, o4 = 31,2
kg/mmd8, o = 61.8'kg/mm®, 8 = 32%, V =
60%. Specimen section: 20 X 26 mm (bent flat
edge); triangular notch, 45°, 7 mm deep, with
0.6 mm rounding off radius at-tip; support
spacing, 120 mm; rate of flexure, 1 mn/min;
rate of impact bending, about 200,000 mm/min.

. Flgure 8,~ Effect of temperature and rate of bending on
notch bending strength of 0.5 C steel,
Material: 0.51 C steel, Oy = 40.7/37.0 kg/nn2,

o = 68,1 kg/nn‘!, 8 = 25;, v = 43%, O':B' =
154 kg/nn8., Specinen: 20 X 20 nn_(bar sec-
tion). ©Notch: 8 mm deep, 45° triangular, with
0«6 nm rounding off radius at tip. Support
spacling, 120 nm,

Flgure 9.~ Testing device for threaded bolts.
a) device for clamping in testing machine.
b) spaclng disks.
c) fitting bolt.
d) obligue washer.
e) duralumin holder.

Figure 10.- Effect of oblique support on strength of heat-
treated steel bolts of different notch tough-
ness. Material: Cr-Ni steel and Cr-~Ni1l-Mo
sted.
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11 & 12,.,« Nsteh affect in- compresesion test .(Sach's ex-

Figuro

Filgure

Figure

Flgzure

Flgure

Figure

Figure

13."

14.-

15.'.

16-"‘

17.-.

18 [ 2

19,-

poriments). Material: cast iron.

Microstructure of elektron sheet, etched with
1 percent alcohollc phosphoric acid. ¥V = 150.

Effect of specimen width and hole diameter on
tensile strength of AZM elektron (thickness =
sheet thickness = 1 nm).

Effect of ratio: "hole diameter/specimen width"
on tensile gtrength of AZM elektron. Curves
for equal hole dlameter but different spec-
inen widths.

Effect of ratlio: "hole dlametor/spocimen width"
on tengile strength of AZM elektron.
Curves for equal specimen width but dlfferent
hole diameters.

Effect of hole dlameter on tensile strength of
AZM elektron. Curves for constant ratiod
"hole diameter/snecimen width".

Effect of hole diameter on tengile strength of
AZM elektron, 1 mm shaet with Oy pa= 1647

kg/mm®, op = 28.3 kg/mm®, 8,, = 15% (Mul-

ler's experiments).

Effect of "hole diameter/snecinen width" on
strength ratio “Gh op" of different met-

ala. Hole, 3 mm. The values refer.to tensile
strength of 10 mm wlide tenslle test specl-
meng., Material: Steel St C 25.61 with

Og = 49.8 kg/mm®; OCr-Mo steel with O =
83.8 kg/mm®; hydronalium Hy 7 with Oy =
36,2 kg/mm®; hydronalium Hy 9 with oOp =
37.6 kg/mm2; duralumin 681 B with O = 40,5
kg(mna, AZM elektron with Og = 2843 kg/mma
(Millerfs data). :



24 N.A.C.A. Tochnical Memorandum No. 862

Figure 20.,~ Effect of ratio: "hole diameter/specimen width"
: dn tenslilo strength of duralplat; hole, 3 mnm.
Materisl: 1 mm strip 6f 3116.b with Og,3 =

31.6 kg/mm®, op = 43.9 kg/mm2; identical
strip heat-treated, with 0gy,3 = 26.7 kg/mm?,
og = 41,7 kg/mn® (showed considerable coarse
grain aftor treatment). )

Figure 21.~ Effect of hole diameter on tenglle estrength of
duralplat for constant ratlo, d/b.= 0,125.
Materlal: 1 mm strip of 3116.5 with Op.3 =

31,6 kg/mn2, o = 43.9 xg/mma; identical
getrip heat-treanted, with 0,.5 = 26.7 kg/rmm®
o0p = 41.7 kg/on® (ehowed considorablo coarse
grain after treatnment).

Figure 22.~ Frequency curve agalnst ratio Oppioy for

duralunin 681 ZB; 1 mn gage sheet and strip.
Specinen: 10 nn wide strip, center hole 0.9
nn dlameter. OConmparative speclnensé: 10 nmn
wilde; averages from two tests each,

Figure 23.- Effect of several holes and edge notches on
crushlng strength for 1 nm gage AZM elektron,
Op.a = 16.7 kg/nn2, op = 28, kg/nna 810 =
15% Avernges of two tests each (Miller's
data ) .

Figure 24,~ Specimen with excontric holes. .

Figure 25,~« Strength of steel strip wlith excentric holes
ngalnat tensile strength of plaln speclinmens.
Material: 0.5 nn and 1 mm gage sheet and
strip of alloyed and unalloyed steel.

Filguro 26.« Effect of annealing tenperature on tensile
strength of spocimens with excentrlc holes.
Material: 1 mm gage stalnless Cr steel, with
0.34 C, 13.6 COr, cir-hoardenod fron 1020° ©.

Figure 27.~ Effect of heat treatment on ratio OpL 03"

Speclnmen gtrips wlth excentric holes of 1 mn
Cr-Ni-W steol sheet with 0,36 C, 1,05 Cr,
4,0 Ni, 0,95 W air-hardened from 840° C.
not snnealod and annealed at 100-250-=350-
500-630° ©.
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. Flgures

28 t6 31,- Effect of corroslon tonsile strength of spec-—
imons with oxcontrlic holos compared with
10 nn wide tenslle tost speclmens. ‘e
Spocinen thickness, 1 nn; corrosion in salt-~
spray tester of DVL,

Figuro 29.~ Or-Ni-¥W gtéol with 0.4 G, 1,1 Or, 4.5 Ni, 0.9 W,
air-hardened fronm 840° 0,.,; annealed at 250° C,

Figure 30.~ Stainless Or steel, with 0,34 O, 13,6 Cr, air-
. hardened fronm 1020° 0.; annealed at 530° C,

Flgure 31, Duralunin 681 B,

Flgure 32,- Bffect of corrosion period on tonsile strength
of specinens with oxcentrle holes for dif-
feront specimen thleckness. Material: COr-Ni
stoel, with 0,28 C, 0.7 Cr, 3,3 ¥1i. Corro=-
slon in DVL galt-spray tostor.

Pilgure 33.~ Effect of blind rivets on tenslle strongth of
elektron especincns. Haterial: 1 mnm gage
AZY elektron with Og,s = 16.7 kg/mm?,
Oy = 28.3 kg/mn®, '8,, = 15%. Hole and riv-
et dlamecter = 3 mm, Speclmen width changed.
(Muller's test data.)

Figure 34,~ Effect of riveted Joints on the tensile strength
of 1 nn AZM eglektron sheet, with 04,3 =

16.7 kg/nr®, op = 2843 kg/on®, 8,, = 15%.

Rivet diameter = 4 nn. Rivets of maognalilun.
with 5 Mg. joint formed with from 1 to 4 rive
ets 1n a row.
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N.A.C.A. Technical Memorandum Wo, 868 Tables, 1,3
TABLE I. Tensile Strength of Notched Bars
Specimen - )
shape
o o o
—BK .3k _BL
Material Op th_ ay Opx op ’ oy g
kg/mn8| xg/muh | percent| kg/mm®| percent| xg/mm?| percent
Ingot steel 43.9 69.1 163 -- - -— -
0.17 ° 'ta.l 47-7 65-3 137 - - - - -
0035 0 't‘.l ba'z - - - - 61.0 105
0.64 C steel®| 85, 98,6 116 1056.56 121
Aluminum
Al 98/99 9.9 | 17.6 177 13.5 136 10.9 103
JDuralumin
DN 31 61.5 61.8 120 51.8 101 48.1 89
Elektro
azu o0 31.4 | 34.3| 109 | 34.1 | 109 | 28.9 CE
Elektron
AZY
sand cast 16 17 114 18 100 14 93

*Flossner's test data.

TABLE I1. Bending Strength of Notched Bars

_ -
| &9 PY
Opxt Opy, ¢
t ]
Material op 8,0 o Opx 5;¥- S5z, 55*‘
xg/mm®| percent| kg/mm8| kg/mm®| percent| kg/mm®| percent
0.04 C steel 38 ~90 | B8 (1 -- --
0.47 0 stesel 70 19 134 93 70 - -
Al alloy+4.3 Cu| 36 19 69 53 76 - -
Duralumin s - : - £
DM 31 63 14 93 66 70 4 A " 8%
Rlektron
AZM 31 11l 60 a7 62 45 76
AZY 1b - 23 17 74 —-— -

'Spocimon width, 10 mm.



K.A.C.A., Technical Memorendum No, 8563
TABLE III. Notch Bffect on Twisting Strength

(st1lle and Fischer's test data)

: Tabdles,3,?

D T

0.64 0 stealddl alloy

' 0.06 0/0.16 0]1.04 © eae- | .+ 48 Ou
Naterial steel| stesl] stesl :::' t::' heat-
- [pored | o eated
iged reate
Ogo k&/mm® | 31.1 | 40.5 | 37.6 | 44.3| 71,8 | 0o, 4 =
os " 39.9 | 36.7 - 43.6| 69.8 19.3
Strength oy " 43.0 | B0.83 | 56.5 | 79.5| 84.4 36.9
8,0 Porcen| 31 a7 17 16 13 N
. 73 & 43 31 56 33
j Mdo om kg 565 574 683 770 | 780 376
K Pl !n. k‘/“' 5‘-2 5701 67-9 76-6 73.‘ 87..
E M4 cm kg -- " 600 788 797 | -- -
'1ua_ nt| -- os 07 - -
) Yoo perce 1 1 104
:@g M4 om kg - 568 - - - -
¥4 _ percest| -- 929 -- - - -
Mdo P
lua cm Xxg 490 588 564 700 | 680 373
:E § ¥a_
T percent 94 83 91 87 99
: M4 om kg 560 536 - 766| 730 --
% N _ - -
¥as percent 94 299 94
Depth of
groove
017 nm

PABLE VII. Strength Ssction and Sheet Joints

Material: 1 mm duralplat, aircraft material 3116.5, with 0, . =
The dimensions of the joints
are such as to insure the same tensile and crushing strength
as with Oy = 39 kg/mus,

27.5 xg/mns,

Op = 39.6 kg/mat,

P = 70 kg/mmt,

Hole Itr.uth in pereent of sheet
arrange- strength
Seotion ment Specimen form
Joint (devel- - Last rivets
opment) outsidd inpide
; ;q;f ] Plate with holed 93 93
9|
E Ylate Joiat 91 96
L]
2.221{] section Joimt 85 90
i ] Plate witli-holesd' = 98 D e ey
I : -] Plate Joint 86 63
= Seotion joint 77 80
..... 3] Plate joint - aqn
o 6
2o Section joint - 55*
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Figure 3.

Specimen Without hole With hole
Failure stress, kg/mm2 58.3 - €1.0
Constricticn % 58 21
Tyve of failvre Slippege failure | Separaticn failure

 Shape of break

Aspect of bresk
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Figs.2,5,7,8,9,14
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Tigs. 15,18,33
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Figs.16,17,19,20,21,23,24
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Figs.25,26,30,32,33,34
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